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A bstract

Stopovers, periods o f rest and refuelling between migratory flights, play an
integral role in determining fitness of migrating passerines. Migration success is
dependent on decisions made about when to arrive and leave particular stopover sites and
how to utilize regional landscapes. I used mark-recapture analysis of bird banding data
from a stopover site and direct measurements from radio telemetry data covering a
stopover landscape o f ~20 x 40 km at Long Point, Ontario, to examine stopover
decisions. Specifically, I estimated probabilities that individuals would leave a site in
relation to age, fat stores, season, and the extent to which decisions made in the landscape
influence decisions at particular sites. I found decisions to leave a stopover site are
largely age-dependent regardless of fat stores or season with adults having higher
departure probabilities than young. Additionally, these initial decisions are primarily
determined by landscape scale decisions prior to landfall although divergent life histories
favour different strategies. Knowledge of the evolution and ecology of migration and for
conservation of migratory passerines requires an integrated understanding of how
migrants use local sites and broad landscapes to optimize their migration.

Keywords: age, fat, landscape, migration, multi-state mark-recapture, radio-telemetry,
passerine, season, stopover.
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C hapter O ne: G eneral Introduction

M igration
Migration is a life history trait that has evolved in numerous taxa and involves the
movement of individuals from one geographic space to another to fulfill a critical
component of the life cycle (Dingle 1996, Alerstam et al. 2003, Calvert et al. 2009c). The
nature, extent, and speed o f migration vary extensively among species in relation to their
mobility and the ultimate causation for movement. The interpretations and definitions of
what constitutes a migratory movement are equally numerous (Dingle 1996, 2006, Boyle
2008). Bird migration is often a response to temporal variation in environmental
conditions and resources that results in predictable seasonal movements between widely
separated geographic areas.
A complete understanding of the life cycles and population dynamics of many
migratory birds has been hampered by the complexity of migration and in particular the
large spatial extent over which it occurs. Selective pressures driving variation in
behaviour, survivorship and fitness are influenced by an individual’s success in regions
separated by hundreds or thousands of kilometres (Evegang et al. 2010, Hedentstrom
2010). Technological and methodological advancements such as the use o f intrinsic (e.g.
genetic and isotopic signatures) and extrinsic (bird bands, geolocators, radio and satellite
transmitters) markers have steadily improved our knowledge base and understanding of
the ecological significance of migration for many species (Rubenstein et al. 2002,
Webster et al. 2002, Faaborg et al. 2010b). These advancements have allowed for the
identification and evaluation of breeding grounds, wintering grounds, migratory routes
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and stopovers, and an examination of linkages among them (Marra et al. 1998, Clegg et
al. 2003, Clark et al. 2004, Norris 2005, Stutchbury et al. 2009, Bachler et al. 2010). The
improved methods and information have permitted estimation of seasonal survival
(Ketterson and Nolan 1982, Gauthier et al. 2001, Sillett and Holmes 2002, Faaborg et
al.2010a), the costs of migration (Bowlin et al. 2010, Hedenstrom 2010), and related
assessments of migratory behaviours (Alerstam et al. 2003, Dingle 2006, Hendenstrom
2008).

O ptimal migration theory and migratory stopovers
Theories of optimal migration bring to light the selective pressures that birds must
balance or trade-off during migration: i) minimizing the amount of time spent, ii)
minimizing the amount of energy used, and iii) minimizing mortality risks (Alerstam and
Lindstrom 1990, Alerstam 1991). Time, energy and mortality risk are not mutually
exclusive and the consequences of managing them during migration can have significant
effects on the overall fitness and survival of individuals (Sandberg and Moore 1996,
Jenni and Jenni-Eiermann 1998, Sillett and Holmes 2002, McWilliams et al. 2004,
Newton 2006, Bruderer and Salewski 2009). In most migrants, strategies that minimize
the amount o f time along a migration route appear to be favoured (Alerstam and
Lindstrom 1990, Alerstam 1991, Weber and Houston 1997, Hedenstrom 2008). Evidence
for this strategy is supported by survival and fitness benefits to those migrants that are
able to arrive early and in good condition at both breeding and wintering grounds (Moller
1994, Kokko 1999, Smith and Moore 2005).
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The distance between migratory end-points is often much greater than the
physiological or physical potential of an individual in a single flight. Most migrants,
particularly land birds, require periods of stopover or staging to rest and/or replenish
energy stores in the form of lipids and protein before the next leg of their journey
(McWilliams et al. 2004). For noctumally migrating passerines in particular, time and
energy costs as well as mortality risks incurred during these periods are often greater than
during migratory flight (Hendenstrom and Alerstam 1997, Wilkelski et al. 2003, Bowlin
et al. 2005, Cimprich et al. 2005, Ydenberg et al. 2007). As a result, an optimal migration
strategy is largely dependent on behaviours during stopover (Lindstrom and Alerstam
1992, Danhardt and Lindstrom 2001, Calvert et al. 2009a,b), particularly decisions of
when to arrive and leave from stopover sites (Jenni and Schaub 2003).

Stopover D ecisions
The purpose o f a stopover and habitat selection
Stopovers may serve dual purposes: they may serve as a short-term sanctuary
while individuals wait to continue migrating, or as a longer-term stop for extensive rest
and refuelling. Occupying high quality habitat is essential to a migrant’s ability to have
positive fuel deposition rates and mass gain which typically result in shorter stopover
durations (Yong et al. 1998, Chemetsov 2006, Schaub et al. 2008). However, due to the
long-distance nature of migrations, weather patterns, and geographic barriers, migrants
often have limited choices and encounter unfamiliar habitats with unpredictable food
availability (Rodewald and Brittingham 2007, Ktitorov et al. 2008, Schaub et al. 2008),
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competition (Moore and Yong 1991, Moore et al. 2003), and predation risks (Cimprich et
al. 2005, Ydenburg et al. 2007). High quality habitats are thus those that offer positive
refuelling rates and adequate shelter from the environment and predators (Moore 1994,
Dunn 2000, 2001, 2002, Schaub and Jenni 2001).
Initial assessment of the quality and availability of habitat is thought to occur
before arrival using a combination of visual and auditory cues (Hutto 1985, Chemetsov
2006). Depending on the purpose for the stop, post- arrival habitat selection may be
refined as migrants search and settle at an adequate stopover site. These movements away
from the arrival site may be on the order of a few meters to many kilometres depending
on whether the benefits o f relocating outweigh the costs o f staying at the original site
(Abom and Moore 1997, Schaub et al. 2008).
The extent to which stopover decisions are made before or after arrival is largely
unknown (Hutto 1985, Chemetsov 2006). Efficient a priori habitat assessment and
selection allows migrants to begin their stopover immediately without having to expend
time and energy and incur predation risk searching for adequate habitat during the day. A
posteriori assessment allows for adjustments in response to other factors such as food
availability (Bayly 2007, Rodewald and Brittingham 2007, Smith et al. 2007),
competition (Moore and Yong 1991, Moore et al. 2003), and predation pressure (Moore
1994, Fransson and Weber 1997, Cimprich et al. 2005, Pomeroy 2006).The two processes
likely interact, and decisions made prior to arrival are likely to affect the behaviour of
individuals after arrival. Understanding this relationship requires an understanding of
stopover decisions at the local and landscape scales.
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Individual variation: the effect o f age andfuel stores
Whatever the purpose o f a stop, and whether decisions were made before or after
arrival, variation in a migrant’s eventual departure from a particular site or landscape may
also be based on intrinsic factors such as age, sex, and fuel stores, or extrinsic factors
such as habitat quality or the season of travel (Chemetsov 2006).
An important factor that may influence an individual’s behaviour and ability to
stopover successfully and migrate is its experience, which naturally increases with age.
The greater mortality risks and lower survival faced by individuals during migration
(Sillett and Holmes 2002) is thought to occur largely within young, inexperienced,
hatching-year birds during their first migration (Woodrey 2000, Newton 2006). In
populations with high turnover rates, such as found in many migratory passerines,
replenishment or recruitment from young is essential to maintain population equilibrium
(Newton 2006).
Differences between adults and young in behaviour (Yong et al. 1998, Marra and
Holmes 2001, Part 2001, Paxton et al. 2008), morphology (Alatalo et al. 1984, Francis
and Wood 1989), and physiology (Morris et al. 1996, Yong et al. 1998, Jones et al. 2002,
Benson and Winker 2005) can influence stopover decisions, with the result that adults
generally have shorter stopover durations and occupy less area (Woodrey 2000, Paxton et
al. 2008). Despite the obvious role that age plays in influencing the behaviour and
ecology of passerines during migration and other life stages, it remains a relatively under
studied aspect of stopover ecology. There is little known regarding how age-related
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differences are influenced by fuel stores or how they may change between fall and spring
migration as selective pressures refine the population.
A large amount of the variation in stopover decisions can also be explained by
fuel stores on arrival and fuel deposition rates and these parameters have gained the most
attention in research on migration and stopover ecology (McWilliams et al. 2004, Schaub
et al. 2008, Bowlin et al. 2010). For newly arrived migrants, there is generally a positive
relationship between high fuel loads and the probability of departure from a stopover site
(Calvert et al. 2009a, Goymann et al. 2010, Seewagen and Guglielmo 2010). The extent
to which individuals are able to maintain positive fuelling rates are directly correlated to
the quality o f habitat (Dunn 2001, 2002, Buler et al. 2007, Ktitorov et al. 2008, Schaub et
al. 2008).
A further source of variation may exist between the sexes as migratory motivation
and stopover behaviours may differ due to differential pressures for early arrival at the
breeding or wintering grounds (Stutchbury 1994, Swanson et al. 1999, Stewart et al.
2002, Kokko et al. 2006, Hays 2008), but this is beyond the scope of this thesis and it will
not be addressed further.
Seasonal and environmental sources o f variation
Migratory motivation also may change depending on the survival and fitness
benefits o f early arrival on the breeding wintering grounds (Stutchbury 1994, Kokko
1999). The speed of migration is generally faster in spring than fall which is generally
attributed to greater fitness benefits associated with early arrival on the breeding grounds
(Sandberg and Moore 1996, Smith and Moore 2005, Stutchbury et al. 2009). In either
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season, individuals arriving later at stopover sites, who are thus thought to be under
greater time constraints, also tend to depart sooner than individuals arriving earlier
(Ktitorov et al. 2010, Mathews and Rodewald 2010a). These and other patterns in
migratory behaviour and stopover decisions are also influenced by changes in
environmental conditions such as local weather and even broad climatic cycles and
change (see Pyle et al. 1993, Weber et al. 1998, Schaub et al. 2004, Newton 2007, Calvert
et al. 2009a,b).
No matter the question, accounting for spatial and temporal variation in stopover
behaviour requires accurate measures and interpretations of when and why an individual
arrives and departs from particular stopover sites and how they utilize a landscape to suite
the ultimate goal of an optimal migration.

M ethods of measuring stopover decisions
For nearly two centuries, the capture, marking and re-capture, or bird banding/
ringing, of birds has been among the most popular and effective tools for monitoring
migrants (Ralph et al. 2004). Hundreds of bird banding stations located in different types
of habitat, and across an array of latitudes, longitudes, and altitudes around the world
regularly capture large samples of migrants during stopover. These data have
irreplaceable value in the understanding of bird life. For example, they have been
important in documenting basic life history traits for thousands of species including
survival rates (Saracco et al. 2010), moult cycles (see Jenni and Winkler 1994, Pyle 1997,
Howell 2010), the evolution and characteristics of migration routes and timing (Berthold
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et al. 1992, Frannson 1995, Brewer et al. 2000), as well as monitoring population trends
(Dunn et al. 1997, Francis and Hussell 1998, Dunn et al. 2004, Dunn 2005, Crewe et al.
2009). Despite the vast amount of diverse knowledge derived from bird banding data, the
use of these data is currently limited mostly because of low detection probabilities and
high spatial and temporal heterogeneity (Simons et al. 2004, Bonter et al. 2008,
Hochachka and Fiedler 2008).
Mark-recapture models can statistically account for variation in detection
probabilities, and have recently been expanded to model different aspects of population
dynamics and movement patterns including the analysis of stopover behaviours (Pradel et
al. 1997, Schaub et al. 2001, Schaub et al. 2004, Salewski et al. 2007). A further
extension of these models, multi-state mark-recapture models, are designed to estimate
changes between pre-determined states, whether they be geographic position or temporal
displacements (Lebreton and Pradel 2002, Schaub et al. 2004). In a stopover decision
context, they enable estimation o f ‘transient’ behaviour (leaving a monitored site within
24 h), in addition to the probability of departure for non-transient birds that leave after 24
h (Schaub et al. 2004). These models have allowed for explicit comparisons of the effects
of fat load and fuel-deposition rates (Calvert et al. 2009 a,b, Schaub et al. 2008), weather
conditions (Schaub et al. 2004), and site (Salewski and Schaub 2007, Schaub et al. 2008)
on stopover decisions.
One major limitation of mark-recapture analyses is that the area monitored, by
trapping arrays or other means, only samples a portion of the area typically used by birds
(Schaub et al. 2004, Bachler and Schaub 2007, Tsvey et al. 2007). Therefore, they only
measure the probability that an individual will leave the study site, and do not
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differentiate absence due to local emigration, migratory departure, or death (Schaub et al.
2004, Bachler and Schaub 2007). There is consequently little information on how an
individual may be using entire landscapes. This creates one of the largest gaps in our
knowledge of migration and stopover ecology (Freemark et al. 1995, Chemetsov 2006,
Ktitorov et al. 2008, Schaub et al. 2008, Mills et al. 2011).
The use of other tracking methods with high detection probabilities and
potentially high spatial resolution provide a solution. Radio telemetry allows for explicit
estimation of movement rates (Abom and Moore 1997, Paxton et al. 2008), distance
travelled, home range size (Tietz and Johnson 2007, Mathews and Rodewald 2010a,b),
and stopover duration (Chemetsov 2005, Chemetsov and Mukhin 2006, Bachler and
Schaub 2007). Automated telemetry systems that can monitor the airspace over a vast
area also allow for the explicit identification of migratory flights as opposed to
emigrations within a broader monitored landscape (Goymann et al. 2010, Mills et al.
2011). When combined these data can allow for a broader understanding of how migrants
utilize landscapes during stopover and serve to improve our interpretations of data
collected from small spatial scales.

T hesis Objectives
The primary objective of this thesis was to gain a better understanding of the
influences driving variation in stopover decisions of migratory passerines at the local and
landscape level. Specifically, my goals were i) to examine how intrinsic (age and fatstores) and extrinsic (season) factors may influence stopover decisions using banding data
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collected from a small stopover site, and ii) to explore more explicitly, using radio
telemetry, when stopover decisions are made and the extent to which they may vary
between sites of varying quality and geographic position within the broad stopover
landscape.
In C hapter two, I investigate the influence o f age, body fat and season on
variation in stopover decisions for five nocturnal migratory passerines captured at the
base of Long Point, Ontario, Canada over 11 years. I apply a multi-state recapture model
developed by Schaub et al. (2004) to estimate daily probabilities of transience (short-term
sanctuary, absence from the site within 24 h) and departure (long-term stopover, absence
from the site after 24 h). This analysis allows for an assessment of variation in stopover
decisions between age groups with varying fuel stores and how these decisions may differ
with the season of travel.
In C hapter three, I set out to determine how stopover decisions vary among
sites o f varying quality and position within the landscape and assessed the extent to
which initial decisions are being made before or after landfall. I used radio telemetry and
an array of automated receivers to monitor the movements of two species of Catharus
thrushes (also examined in C hapter two) originating from two sites across a broad
stopover landscape -20x40 km. One has relatively contiguous, high-quality habitat and
the other was an isolated and sparsely vegetated poor-quality habitat. I was able to
distinguish ‘true’ migratory departure (from the landscape), emigration out of a small
monitored site and immigration back into this site. I applied a mark-recapture model to
these data to estimate the daily probabilities of these parameters. By comparing these
parameters among individuals captured from the two stopover sites I was able to test the
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degree to which stopover decisions at the local level occur before or after arrival based on
decisions and resultant habitat selection made at the landscape level. This information
also addressed the accuracy of data collected from smaller spatial scales using less
precise methods.
Stopover decisions of migratory birds play a critical role in their overall success
and survival during migration and within their entire life-cycle (Jenni and Schaub 2003,
Faaborg et al. 2010a). Within this context my final CHAPTER (FOUR) provides a brief
synopsis of the results and significance of my research to the field of migration and
stopover ecology, and a discussion of questions and directions for future research brought
about by my findings. Ultimately my research will add to the understanding of spatial and
temporal variation in stopovers o f migratory passerines which is essential toward building
our knowledge of the evolution and ecology of migration.
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C hapter two : Age- related differences in stopover decisions of migratory
PASSERINES VARY WITH SEASON AND FAT STORES.

Introduction

Passerine birds must minimize time and energy costs as well as mortality risks
during migration (Alerstam and Lindstrom 1990, Hendenstrom and Alerstam 1997,
Hedenstrom 2008). During stopover, when individuals rest, refuel and await favourable
weather conditions for continued flight, these costs may all be elevated (Wilkelksi et al.
2003, Bowlin et al. 2005, Ydenberg et al. 2007). As a consequence, passerines likely
have lower survival rates during migration than during most other stages of their life
cycle (Ketterson and Nolan 1982, Sillett and Holmes 2002). In particular, en route
mortality is greatest among inexperienced, hatch-year birds during their first migration
(Woodrey 2000, Newton 2006). An individual’s success on migration and its overall
survival is largely based on decisions of when to arrive and depart from stopover sites
(Jenni and Schaub 2003)
Migrant passerines often stopover in unfamiliar habitats of varying quality with
unpredictable resources (Jenni and Schaub 2003, Rodewald and Brittingham 2007), the
choice of which can be influenced by inter- and intra-specific competition (Moore and
Yong 1991, Moore et al. 2003), predation risk (Moore 1994, Fransson and Weber 1997,
Cimprich et al. 2005), and weather (Weber et al. 1998, Schaub et al. 2004, Van Belle et
al. 2007). Access to high quality habitats, those that offer positive refuelling rates, and
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shelter from the elements and predators, are essential to a successful stopover (Moore and
Abom 2000, Chemetsov 2006). One might then expect that the ability of an individual to
manage these challenges may vary based on previous migratory experience, which in
general will be directly related to age.
Some empirical studies have found that adults have greater body mass than young
upon arrival at stopover sites, largely because of greater fuel stores (Morris et al. 1996,
Yong et al. 1998, Jones et al. 2002, Benson and Winker 2005). Adults also are known to
have longer wings than young in most species (Alatalo et al. 1984, Francis and Wood
1989). This likely leads to greater efficiencies in flight, which in combination with
increased wing loading and aspect ratio can lead to more rapid travel to migratory
destinations (Bowlin 2007, Bowlin and Wikelski 2008) and a better ability to handle
weather conditions aloft (Saino et al. 2010). Efficient navigation can also greatly reduce
time and energy costs associated with both migratory flight and the selection of
appropriate stopover sites by avoiding the costs of relocation after landing in a poor
location. Consequently, the greater experience of adults likely explains why they are
generally more adept at navigating and negotiating landscapes and geographic barriers
(Ralph 1971, Dunn and Nol 1980, Ralph 1981), as well as adjusting for latitudinal or
longitudinal displacement (Thorup et al. 2007, Chemetsov et al. 2008, Holland et al.
2009). These differences may enable adults to cover longer distances in a single flight, to
carry more fuel without affecting flight performance, and to arrive at a stopover site in
better condition than young (Woodrey and Moore 1997, Neto et al. 2008).
Greater fat stores on arrival generally correspond to higher probabilities of
movement out of a stopover site (Calvert et al. 2009a, Goymann et al. 2010, Seewagen
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and Guglielmo 2010), but not always because lean individuals may also emigrate from a
site in search of higher quality habitats (Salewski and Schaub 2007, Schaub et al. 2008,
Ktitorov et al. 2010). Occupying high quality habitat will increase a migrant’s ability to
gain fat and mass which can result in shorter stopover durations (Chemetsov 2006,
Ktitorov et al. 2008, Schaub et al. 2008). Consequently, adults have often been found to
have shorter stopover durations than young (Ellegren 1991, Morris et al. 1996, Yong et
al. 1998, Woodrey 2000, Rguibi-Idrissi et al. 2003). Young of many species are
subordinate to adults (Sol et al. 1998, Marra and Holmes 2001, Part 2001), which may
further reduce their access to high quality habitats during stopover (Terrill 1987,
Woodrey 2000).
Most conclusions about the effects of age on migration have arisen from studies
conducted in the fall, which have necessarily compared experienced adults (with a
minimum of two migrations) to completely inexperienced young. There are a number of
differences between the seasons however that may influence stopover behaviour.
Migrants in spring have been found to travel more rapidly than in fall (Fransson 1995,
Stutchbury et al. 2009, Yohannes et al. 2009). This may be because of the fitness benefits
of early arrival in competition for breeding sites (Kokko 1999, Lozano et al. 1996, Smith
and Moore 2005), or possibly because increased day length in spring allows more time
for rest and foraging which then allows for longer or more frequent flights (Bauchinger
and Klaassen 2005). There is some evidence that the increased rate of migration in spring
is reflected in shorter stopover durations when compared with fall (Lavee et al. 1991),
and there is mixed support for differences in stopover durations between the ages in
spring (Morris et al. 1994, Rguibi-Idrissi et al. 2003, Yong et al. 1998, Morris and
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Glasgow 2001). The earlier arrival of adults compared to young during spring migration
would suggest that some age differences are maintained across winter (Francis and Cooke
1986, Woodrey and Chandler 1997, Stewart et al. 2002). How these differences may be
reflected in stopover behaviours for different age groups between the seasons is not well
known (Yong et al. 1998, Woodrey 2000, Morris et al. 2003, Jakubas and WojczulanisJakubas 2010).
The purpose of this study was to examine age-specific differences in decisions to
leave a stopover site through transience (leaving within 24 h) or departure (after 24 h)
(Schaub et al. 2004) in relation to fat stores and migratory seasons. These decisions were
quantified using a mark-recapture analysis of banding data of five migratory passerine
species from a stopover site at Long Point, Ontario, Canada. I predicted that young
individuals, who are subordinate to adults and potentially have greater costs of fuel
accumulation, would have lower departure and transience probabilities than adults. I also
expected lean individuals, who have greater energetic requirements, would have a lower
departure and transience probabilities than fat individuals. Finally, I expected that the
magnitude of these age-related differences would be greatest in fall, and reduced by
spring when the returning young are only those that were successful during their first year
and that gained valuable experience during that time.
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M ethods
Study site and data collection
Long Point is a 35 km peninsula protruding east from the north shore of Lake
Erie in southern Ontario, Canada (42°34'N, 80°13'W), and is a stopover site for migratory
animals. The Long Point Bird Observatory (LPBO) monitors the migration of birds
during spring and fall following a standardized protocol consisting of 6 h o f standardized
bird banding beginning one half hour before sunrise using 14 fixed-location mist nets (12
x 2.6 m, 4 panel, 32 mm extended mesh) and four ground traps (NABC 2001, Hussell
and Ralph 2005). Each bird trapped is banded with a unique United States Fish and
Wildlife Service/Canadian Wildlife Service aluminium band, and age, sex, weight,
relaxed wing chord, time and trap were recorded. All recapture events after the day of
capture are similarly recorded. Data collected between 1998 and 2009 at the Old Cut field
station situated near the base of Long Point (42°35'N, 80°23'W) were used in this study,
but data from 2003 were omitted due to inconsistently recorded recapture events.
Fat or fuel stores at capture were scored on a categorical index from 0 to 7 (0 to 5
prior to 2003) based on the amount and distribution of subcutaneous fat in the furculum,
breast and abdomen (Kaiser 1993, Dunn 2003). These fat scores were then used to
categorize birds into either lean (birds with little to no fat accumulation (score of 0 to 2 [0
to 1 prior to 2003]; < 20 % lean dry fat mass), or fat (birds with some fat scores 3 to 7 [2
to 5 prior to 2003]; > 20 % lean dry fat mass), referred to hereafter as lean or fat. Fat
scoring is a reliable measure of fat mass in migratory passerines (Seewagen 2008,
Salewski et al. 2009), and allows for quick and objective separation of lean and fat
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individuals. All birds were aged according to species-specific plumage and moult criteria
as described in Pyle (1997) as well as by the extent of skull pneumatization in fall (Jenni
and Winkler 1994). Birds were classified as either adult (‘after-hatch year [AHY]’ in fall
or ‘after-second year [ASY]’ in spring), or young (‘hatch-year’ [HY] in fall, or ‘secondyear’ [SY] in spring following Pyle (1997)). Each bird could then be considered one of
four types: adult-lean, adult-fat, young-lean, or young-fat.
Five species frequently captured species at Long Point were selected to ensure
adequate samples o f both adults and young. These represent several taxonomic groups,
niches, and both short-distance temperate and long-distance tropical migrants: Rubycrowned Kinglet (Regulus calendula; hereafter RCKI), Swainson’s Thrush (Catharus
ustulatus; SWTH), Hermit Thrush {Catharus guttarus; HETH), Magnolia Warbler
(Dendroica magnolia; MAWA), and White-throated Sparrow (Zonotrichia albicollis;
WTSP).
Quantifying stopover decisions
Decisions to leave a stopover site can be quantified from constant-effort bird
banding and recapture data using multi-state mark-recapture models. Such models allow
for estimation of parameters specific to stopover such as daily survival (probability of
stay), recapture probabilities, and transitions between behavioural or physical states
(Lebreton and Pradel 2002, Schaub et al. 2004). Schaub et al. (2004) developed a model
which allows for estimation of the probability that an individual is a ‘transient’ (leaving a
monitored site within 24 h), in addition to the daily probability of departure for non
transient birds after 24 h.
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Following the multi-state mark-recapture model of Schaub et al.(2004), all newly
banded birds were considered to be in an ‘initial’ state, and then moved to either a
‘transient’ (emigration out of the study site or migratory departure within 24 h) or a ‘non
transient’ state (remaining at the site with potential for recapture). The proportion of
transients is estimated as the transition probability from the initial to transient state (t).
Transients leave the area with a probability of 1 and therefore cannot be recaptured; non
transients are recaptured with a probability p, remain at the site with a probability O and
leave the area with a probability e = 1- O (Schaub et al. 2004). This estimate has been
found to be negatively biased when used as a direct measure o f stopover duration if
capture probabilities are low, or there is a high proportion of transients due to permanent
local emigration (Morris et al. 2006; Salewski et al. 2007; Bachler and Schaub 2007,
Calvert et al. 2009a,b). Our estimates should therefore be considered a representative
measure of movement out of the study site and may not always be reflective of true
stopover duration.
Data analysis
An individual’s encounter history described whether or not it was captured on a
given day, with state values based on original capture (1), recapture on a subsequent day
(2 - non-transient state), not recaptured on a subsequent day (3 - transient state),
unobservable transient state, or not recaptured (0) (Schaub et al. 2004, Bachler and
Schaub 2007). All models were built and run in the program MARK 5.1 using a logit-link
function (White and Burnham 1999). I used a two step process to account for annual and
species-specific variation. Current options within the program MARK make analysing
annual variation in parameter estimates derived from daily encounters both structurally
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and logistically complex (White and Burnham 1999, White et al. 2006, Calvert et al.
2009a,b). First I built a single time invariant model, where each parameter was assumed
to be equal among days for each species/season/year combination (5 species-groups over
two seasons for 11 years), and where the parameter estimates of (x, e, and p) were
estimated for each age-fat category ( p age*fat, x age*fat, and e age*fat)- This allowed me to
examine broad trends in parameter estimates between groups across seasons and years.
Goodness of fit tests were performed on a more general model

( p age*fat*time,

x age*fat*timei

and e age*faftime) for all data sets using the bootstrap method in MARK (White and
Burnham 1999), and used to estimate an over-dispersion correction factor c for each data
set (Burnham and Anderson 2002).
Next, I fitted separate generalized linear models (glm) to estimates o fp, x and e,
to examine inter-annual and species variation in seasonal estimates of recapture,
transience and departure probabilities. Generalized linear models were built using the
‘glm’ function in program R (version 2.10 and 11.0; R Development Core Team, 2010),
with a ‘quasi’ family with ‘logit-link’ to allow for normal error distribution and for
logistic transformations of the response variables (p, x or -s) bounded by 0 or 1. To
account for uncertainty in estimates derived from small sample sizes, the response
variables (recapture, transience, and departure) were weighted by the logio of the number
of birds banded. The predictor variables were age (adult vs. young), fuel stores at capture
(lean vs. fat), season (spring vs. fall), species, and year. I fitted a full model that included
all four-way and lower interactions. Overall model fit was assessed using residual plots,
and I assessed the relative contribution of individual terms to the fit using likelihood ratio
tests.
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Potential violations o f model assumptions
Two general assumptions of mark-recapture models may not be upheld in
analyses of bird banding data (Bachler and Schaub 2007). First, the models assume that
the encounter probability at time i is the same for all individuals present at time i.
Recapture probability was estimated separately for each age-fat group, season, species
and year, which should have partially met this assumption, but does not entirely account
for other sources o f variation in recapture data due to behavioural, environmental, and/or
methodological influences on probability of capture (see Simons et al. 2004, Bachler and
Schaub 2007, Bonter et al. 2008). Second, the models assume that every individual
‘alive’ (i.e. present at the site) at time i has the same probability of survival (remaining at
the site) to time (/ + 1). This may be often violated at stopover, as the probability of an
individual staying should decrease with time since arrival (see Bachler and Schaub 2007).
This effect should be minimized if all birds were captured within 24 h of arrival which is
often the case as the number of birds banded and counted at Long Point tends to coincide
with large pulses of new arrivals, and with the number of migrants aloft (Peckford and
Taylor 2008, Thurber 2010).

R esults

The number of migrants banded, the proportion recaptured, and the proportions of
individuals in each age-fat group within the banded sample, varied among species and
seasons and are displayed in Table 2.1. Complete banding and recapture data summaries
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are available from Bird Studies Canada (2010). Over-dispersion values (c) of the general
models were < 3.0, suggesting relatively good fit to the data (Burnham and Anderson
2002). Analysis of deviance tables from the generalized linear models of departure and
transience estimates are presented in Tables 2.2, and 2.3, respectively.
Recapture
Recapture probabilities were generally low in both seasons (< 0.20), although
estimates for WTSP were -0.25, probably due to the presence of ground traps at the site.
The glm revealed thatp varied significantly among species and between seasons.
Recapture rate was approximately equal across seasons in WTSP, -5% higher in fall than
spring in SWTH, and 5-10% lower in spring than fall in HETH, MAWA and RCKI.
There was no evidence that recapture rate varied with age or fat.
Transience
Transience probabilities were variable among species, and were influenced more by fat
stores spring than in fall for all species (season x fat in the glm; Table 2.2). Transience
was approximately equal between lean and fat individuals in fall, (~ 0.6 for lean and 0.65
for fat), except for SWTH where transience of fat birds was 0.25 higher than lean birds.
In spring, lean and fat birds were divergent approaching - 0.8 and 0.6, respectively
(Figure 2.1), except for HETH which were equal. The main species effect appears to be
driven by -0.2 lower transience of RCKI in both seasons when compared to the other
species.
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Table 2.1. Summary of bird banding and recapture data used to create encounter histories
for mark-recapture analysis. Data was collected during standardized trapping at the base
o f Long Point, Ontario, in fall and spring migration 1998 to 2009 (2003 omitted) within
the specified date ranges. Mean % recaptured is the proportion of individuals recaptured
at least one day after initial capture. The mean % of each age-fat group (adult-lean, adultfat, young-lean, young-fat) is the proportion of each group captured.

Species

Ruby-crowned Kinglet
Regulus calendula

Season

Fall
Spring

Hermit Thrush
Catharus guttatus

Fall
Spring

Swainson’s Thrush
Catharus ustulatus

Fall
Spring

Magnolia Warbler
Dendroica magnolia

Fall
Spring

White-throated Sparrow
Zonotrichia albicolis

Fall
Spring

Total N
(annual
mean)
5551
(505)
1824
(166)
1903
(173)
1485
(135)
1849
(168)
578
(53)
1592
(145)
2642
(240)
4583
(417)
4038
(367)

5.03

Mean %
AdultLean
7.89

Mean %
AdultFat
9.87

Mean %
YoungLean
43.40

Mean %
YoungFat
38.84

21 Sep-13 Nov

5.53

13.67

27.23

23.08

36.02

13 Apr-17 May

9.56

8.67

3.36

74.12

13.86

23 Sep -11 Nov

23.48

23.79

11.00

49.93

15.28

8 A pr-12 May

11.56

13.19

4.13

62.42

20.26

23 Aug -11 Oct

4.68

14.69

34.33

14.70

36.28

4 May -7 Jun

14.3

7.91

4.45

69.26

18.38

18 Aug -6 Oct

4.44

20.39

19.57

33.23

26.81

5 May -8 Jun

27.35

9.05

7.27

44.90

38.77

25 Sep-13 Nov

9.79

7.00

14.26

28.75

49.99

15 Apr-19 May

Mean %
recaptured

Date range
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Table .2.2. Analysis of deviance table from the generalized linear model (x ~ species
(sped) * season * age * fat + year, with a quasi link = “logit” and using an F-test) of
variation in the probability of transients (x) for five passerine species (sped) captured at
the base of Long Point, Ontario during fall and spring migration from 1998 to 2009 (2003
omitted) using multi-state mark-recapture models. Each data set’s transience value was
weighted by the number of birds banded. Abbreviations in the table are: degrees freedom
(DF), deviance (Dev.), residual (Resid.).

Predictor

DF

Dev.

null

Resid. DF Resid. Dev.
434

205.50

F - stat Probability (>F)

sped

4

15.96

430

189.54

9.37

<0.00

season

1

0.14

429

189.40

0.33

0.56

age

1

0.64

428

188.75

1.51

0.22

fat

1

1.99

427

186.76

4.68

0.031

year

10

6.89

417

179.87

1.62

0.1

sped: season

4

2.24

413

177.63

1.32

0.26

age:fat

1

0.35

412

177.28

0.82

0.37

sped: age

4

1.48

408

175.81

0.87

0.48

sped: fat

4

0.62

404

175.18

0.37

0.83

season:age

1

0.35

403

174.84

0.82

0.37

season: fat

1

2.06

402

172.78

4.83

0.029

sped: age: fat

4

2.88

398

169.90

1.69

0.15

season:age:fat

1

0.34

397

169.56

0.79

0.37

spcd:season:age

4

0.69

393

168.87

0.41

0.80

sped: season: fat

4

2.33

389

166.54

1.37

0.24

spcd:season:age:fat

4

2.60

385

163.94

1.52

0.19
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Table 2.3. Analysis of deviance table from the generalized linear model (e ~ species
(sped) * season * age * fat + year, with a quasi link = “logit” and using an F-test) of
variation in the probability of departure (e ) for five migrant species (sped) calculated
using mark-recapture models of five passerine species captured at the base of Long Point,
Ontario during fall and spring migration from 1998 to 2009 (2003 omitted) using multi
state mark-recapture models. Each data set’s departure value was weighted by the number
of birds banded. Abbreviations in the table are: degrees freedom (DF), deviance (Dev.),
residual (Resid.).
Predictor

DF

Dev.

Resid.

Resid. Dev.

Probability (>F)

stat

DF
null

F-

434

107.82

sped

4

15.60

430

92.22

23.49

<0.00

season

1

4.74

429

87.48

28.54

<0.00

age

1

7.69

428

79.79

46.34

<0.00

fat

1

1.96

427

77.83

11.82

<0.00

year

10

3.70

417

74.13

2.23

0.016

sped: season

4

2.09

413

72.04

3.15

0.015

age:fat

1

0.65

412

71.39

3.94

0.048

sped: age

4

0.65

408

70.73

0.98

0.42

sped: fat

4

1.40

404

69.33

2.11

0.08

season:age

1

1.41

403

67.92

8.50

0.0038

season: fat

1

0.03

402

67.89

0.20

0.65

sped: age: fat

4

2.27

398

65.62

3.42

0.0092

season: age: fat

1

0.04

397

65.57

0.26

0.61

sped ¡season: age

4

0.39

393

65.18

0.59

0.67

spcd:season:fat

4

0.88

389

64.30

1.32

0.26

sped:season:age:fat

4

0.37

385

63.93

0.56

0.69
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Departure
Departure probability was related in a complex way to age, fat, species and
season. Departure probability depended on age and fat, but differently among species
(sped x age x fat), that seasonal differences in departure varied among species (sped x
season), and that the effects of age on departure depended on season (season x age).
Departure probabilities for adults of both fat categories for all species were
always higher than for young (Figure 2.2), irrespective of season, but the magnitude of
this difference varied among species and with fat load. Departure probabilities of youngfat individuals were ~ 0.1 to 0.2 greater than lean ones for all species except SWTH
which were approximately equal. The case was similar for fat-adults having higher
departure probabilities than lean ones for HETH (-0.25 higher), and SWTH and WTSP
(-0.05 higher). In the other two species, MAWA and RCKI, departure probabilities were
-0 .1 5 and 0.10 higher in lean-adults than fat-adults, respectively.
Mean departure probabilities (across age groups) were relatively equal between
seasons for HETH(~0.45), SWTH (-0.55), and RCKI (-0.45), but were greater in spring
for MAWA and WTSP (-0.65 vs. 0.45 and -0.4 vs. 0.2, respectively). Departure
probabilities of adults for all species were similar between the seasons (~ 0.55) except for
WTSP and MAWA which were -0.2 and -0.1 higher in spring than fall, respectively.
Departure probabilities of young for every species were higher in fall compared to spring
(-0.3 in fall, - 0.45 in spring (Figure 2.3)) leading to differences between the ages being
smaller in spring compared to fall.
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Fat
Lean

*
*

Fall

Spring
Season

Figure 2.1. Combined estimates of the probability of transience for fat (solid line), and
lean (dashed line) calculated using multi-state mark-recapture models for five passerine
species captured during fall and spring migration at the base of Long Point, Ontario, 1998
to 2009 (2003 omitted).
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Adult
o
Young 4Fat

Lean

Fat

Lean

Figure 2.2. Combined seasonal estimates of departure probabilities calculated using
multi-state recapture models for adult (solid line) and young (dashed line), separated by
fat-group (fat/lean), of five passerine species (Hermit Thrush (Catharus guttarus;
HETH), Magnolia Warbler (Dendroica magnolia; MAWA), Ruby-crowned Kinglet
(Regulus calendula; RCKI), Swainson’s Thrush (Catharus ustulatus; SWTH) and Whitethroated Sparrow (Zonotrichia albicollis; WTSP), captured during both fall and spring
migration at the base of Long Point, Ontario 1998 to 2009 (2003 omitted).
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Adult
Young
Fall

Spring

o
4Fall

Spring

Figure 2.3. Estimates of departure probabilities calculated using multi-state recapture
models for adult (solid line) and young (dashed line), separated by season, of five
passerine species (Hermit Thrush (Catharus guttarus; HETH), Magnolia Warbler
(Dendroica magnolia; MAW A), Ruby-crowned Kinglet (Regulus calendula; RCKI),
Swainson’s Thrush (Catharus ustulatus; SWTH) and White-throated Sparrow
(Zonotrichia albicollis; WTSP), captured during fall and spring migration at the base of
Long Point, Ontario 1998 to 2009 (2003 omitted).
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D iscussion

Consistent with my predictions, I found significant differences in the departure
decisions between adults and young regardless of fat stores in both seasons. Differences
in transience did not differ with age or fat individuals, but transience was higher for lean
individuals in spring. The extent of the differences in departure probabilities varied
between the seasons, fat stores, and among species. Patterns were generally consistent
among species although highly variable, which is probably a function of differences in
their natural history such as, variable dominance hierarchies and social interactions, the
extent of differential timing between age and sex groups, foraging techniques, niches, diet
(Gannes 2001), migration distance (temperate vs. neo-tropical), extent of diurnal
movement and other migration or stopover strategies (see Jones and Donovan 1996,
Mack and Yong 2000, Swanson et al. 2008, Dunn and Hall 2010, Falls and Kopachena
2010).
Within age groups and seasons, fat birds had higher departure probabilities than
lean ones. Age-specific differences in departure were greatest in fall primarily because of
higher departure probabilities of young in the spring. I suggest that this is likely due to a
shift in the populations of young sampled between the two seasons from a relatively
unselected, inexperienced group in fall to an experienced group of survivors in spring.
Age
As expected, young generally had lower departure probabilities than adults in
both seasons except for SWTH in spring. This result is consistent with the findings of
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most other passerine studies (Ellegren 1991, Morris et al. 1996, Yong et al. 1998,
Woodrey 2000, Rguibi-Idrissi et al. 2003, but see Craves 2009). In both seasons, adults
have survived longer and thus have more experience than young, which could translate
into different stopover behaviours in several ways. Morphological, physical, and
experiential differences between the ages as well as dominance hierarchies may allow
adults to arrive at a stopover site in better condition and to occupy higher quality habitat
than young resulting in greater mass gain and higher departure probabilities.
The impacts o f social dominance and experience of adults however, may go far
beyond a stopover site. The benefits of social dominance are likely cumulative
throughout migration and the entire annual cycle if the quality of habitat or the condition
of an individual in one stage, or stopover, carry over to influence their condition in the
next (Marra et al. 1998, Norris et al 2004, Norris 2005). This may partly explain why
adults still have somewhat higher departure probabilities than young in spring. Similarly,
the high degree of site fidelity displayed by adults at breeding (Holmes et al. 1996, Hopp
et al. 1999, Schlossberg 2009) and wintering sites (Sherry and Holmes 1996, Warkentin
and Hemadez 1996, Belda et al. 2007, Somershoe et al. 2009a) also may increase their
condition by reducing the amount of time or energy used searching, defending and
foraging at a particular site. The same benefits also would favour adults during stopover
as there is evidence that they may exhibit fidelity to migration routes or broad and/or
specific stopover locations (Winker et al. 1991, Cantos and Telleria 1994, Rimmer and
Darmstadt 1996, Merom et al. 2000, Yohannes et al. 2007, and Somershoe et al. 2009b,
but see Catry et al. 2004).
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Adults have been found to forage more efficiently than young in some species
(Jansen 1990), but this has not been explicitly tested during stopover (Heise and Moore
2003, Wheelwright and Templeton 2003, Vanderhoff and Eason 2007, 2008). The
replenishing of fat stores, nutrients, protein and water to maintain function during long
distance flight and stopover also may vary between the ages (McWilliams and Karasov
2001, McWilliams et al. 2004, Landys et al. 2005). For example, Hume and Biebach
(1996), and Guglielmo and Williams (2003) found that the size of the digestive tract of
young birds was greater than that o f adults in both Garden Warblers Syliva borin, and
Western Sandpipers Calidris mauri. This difference was hypothesized to be due to
changes in foraging and digestive efficiency, diet, or a result of continued growth and
development of young during migration, all of which could influence departure
probabilities through influences on rates of fuel deposition and mass gain.
Season
I observed higher departure probabilities in spring compared to fall for young of
all species. This result was consistent with both my age and seasonal predictions. The
higher departure probabilities of young in spring compared to fall can be readily
explained by the high mortality and resultant selective processes acting during the first
year of life (e.g. Sillett and Holmes 2002). For example, young in spring will have been
subjected to intense selection pressure for their ability to fly, navigate, select appropriate
habitats, compete, avoid predators, thermo-regulate, and acquire food over the time since
fall migration. During this time, surviving young have undoubtedly also gained valuable
experience from a successful fall migration, over-wintering period, and in the case of
Long Point, more than half of a return journey.
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Higher departure probabilities of young in spring compared to fall, but not for
adults, for three of the species studied partially supports previous evidence that the faster
pace o f spring migration compared to fall may be linked to shorter stopover durations
(see Morris et al. 1994, Rguibi-Idrissi et al. 2003, Yong et al. 1998, Morris and Glasgow
2001). The higher departure probabilities of young in spring compared to fall suggest that
some of the variation in increased rates of migration in spring could additionally be
caused by the increased efficiency o f young. Contrary to our predictions, there were no
age differences in the probabilities o f transience between the seasons. This implies that
adults may be operating optimally regardless of seasonal differences.
Differences in the conditions experienced by migrants between and within
seasons could also be driving shifts in departure and transience probabilities. At Long
Point in spring, the lake cools the coastline and reduces invertebrate abundance compared
to the mainland (Hussell and Quinney 1987, Dunn 2001). Full leaf development and tree
flowering phenology are also protracted in spring likely influencing the amount of cover
and food available (Rodewald and Brittingham 2007, McGrath et al. 2009). Conversely in
fall, habitat cover is dense, the lake tends to warm the shoreline, and there is an
abundance of insects, fruits and seeds throughout the season. Harsher conditions in spring
may have led to a higher proportion of birds moving out of the area, partially explaining
higher departure probabilities for subordinate young and higher transience probabilities
of famished lean individuals. This may not be the case however, as in a previous study
Dunn (2001) found no significant difference in daily mass gain for all five species
between spring and fall at Old Cut, although values were slightly higher in fall than
spring for all species except WTSP.
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Within seasons, conditions generally improve in spring and deteriorate through
fall. Early arriving MAWA at Long Point have been found to have negative rates of mass
gain upon arrival in spring but rates increased as the season progressed, whereas in fall,
rates of mass gain were steady upon arrival and rose only slightly across the season
(Dunn 2000). This might suggest that differential timing may have reduced the departure
probabilities of early arriving adults and inflated departures of late-arriving young. There
is however, considerable overlap and variability in age-related timing of most species
(Stewart et al. 2002, Woodrey 2000, Smith et al. 2009). The time windows of our
analysis were also truncated to match the peaks of migration for all individuals, virtually
eliminating all outliers upon which most differential timing evidence is based. Only
MAWA and SWTH (tropical migrants) showed differences in their arrival timing with
adults preceding young by ~ 3 days, whereas adults only preceded young by ~ lday in the
other species (temperate migrants) (Bird Studies Canada 2010). Adults still maintained
higher departure probabilities than young in spring which might suggest that differential
timing could partially be a result of longer stopovers and thus a slower rate of migration
for young, but it is more likely a function o f variation in the timing of departure from the
wintering grounds (Sherry and Holmes 1996, Marra et al. 1998, Marra and Holmes 2001,
Morris et al. 2003), or latitudinal segregation (Catry et al. 2004, Kumar et al. 2005,
Mathot et al. 2007).
Fat load
Within both age groups, we observed a positive relationship between fat load and
departure in both seasons. These results are consistent with my predictions and with other
studies which found that individuals with greater fuel stores at capture generally have

higher departure probabilities and shorter stopover durations than lean ones (Yong and
Moore 1997, Gannes 2002, Calvert 2009a, Goymann et al. 2010). Two contrary examples
were lean adult MAWA and RCKI in spring which had the highest observed departure
probabilities. It is possible that these insectivorous species exhibit a higher degree of
local emigration than the more generalist and omnivorous thrushes and the granivorous
sparrows. Higher transience o f lean compared to fat individuals of all species is also
consistent with this explanation and other research showing that lean individuals have
increased day-time activity (Barlein 1985, Yong and Moore 1993, Fusani et al. 2009),
and movement rates (Titov 1999, Moore and Abom 2000, Ktitorov et al. 2010) compared
to fat individuals. These interpretations also agree with the suggestion that fuel deposition
rates may be a more accurate predictor of stopover decisions, as individuals with
negative/ low or highly positive fuel deposition rates will leave a stopover site quickly,
whereas birds with intermediate rates may stay for a longer period of time (Schaub and
Jenni 2001, Schaub et al. 2008).
Local emigration could also explain higher departure probabilities in spring than
fall, and particularly for the seasonal increase in departure of young birds. At Long Point,
as at other sites in the Great Lakes, newly arrived migrants concentrate at the shoreline
potentially creating heavy competition among individuals (Bonter et al. 2009). Paxton et
al. (2008) found that young Wilson’s Warblers during spring migration in Colorado,
USA, had a movement rate 55% higher than adults. These higher levels of local
emigration in young could be attributed to the dominance of adults in prime habitat
therefore forcing young to cover more ground in search of food and shelter.
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Conclusion
My results suggest that during stopover, young and lean individuals, particularly
in fall, require the most time and potentially space (as evidenced by potentially high
emigration for lean birds) to achieve the necessary rest and fuel in order to continue
migrating. Yong et al. (1998) state that conservation planning for migratory passerines
should be conducted with an awareness o f the requirements of the population as a whole.
The results of my study suggest that this idea should also be extended to consider
differences in populations between seasons. More specifically, planning for the
requirements of the lowest common denominator, such as young and lean fall migrants,
should ensure adequate management for the breadth of an entire population. This study
brings to light how substantial differences in age-specific behaviours during stopover
may reflect differences in the behavioural composition of populations as a whole during
fall and spring migration.
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Chapter three: Stopover decisions of migratory thrushes within a broad
i

stopover landscape: A radio-telemetry and mark- recapture analysis.

I

Introduction

I

Noctumally migrating passerines intersperse periods of migratioh with periods of
stopover - times when they rest and/or refuel for subsequent journeys. Stopover events
are triggered either by day-break or when energetic and physical thresholds are reached
(Alerstam and Lindstrom 1990, Alerstam and Hedenstrom 1998). Upon cessation of
migratory flight, some individuals may seek short-term sanctuary, particularly if they
have sufficient fuel stores to continue migrating (Bairlein 1985, Yong and Moore 1997,
Gannes 2002), while others may be seeking sites for an extended stay with habitat that
will provide positive refuelling rates and safety. Access to high quality habitat with
sufficient resources for refuelling is essential for the latter group because it minimizes the
amount of time spent on both stopover and migration, potentially increasing survival and
reproductive fitness (Alerstam and Hendenstrom 1998, Sillett and Holmes 2002, Newton
2006). Understanding variation in the amount of time individuals spend on stopover
however, requires information about when, why and how individuals arrive, move within
and leave from particular sites and from broad stopover landscapes.
Because of the long-distance nature o f most migrations, stopovers often occur in
unfamiliar habitats o f varying quality with unpredictable resources. Mass gain and fuel
deposition rates reflect underlying habitat quality and can vary substantially among
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locations (Dunn 2002, Schaub and Jenni 2001, Schaub et al. 2008). Even at the same site,
the spatial scale and duration of stopover may vary considerably among individuals
(Moore and Abom 2000, Jenni and Schaub 2003, Rodewald and Brittingham 2007).
Furthermore, every site may not necessarily contain the resources necessary for an
individual’s stopover - migrants are regularly found in “sub-optimal” habitats that may
reflect limited choices or differences in suitability related to inherent differences in
individual motivation (Hutto 1985).
The extent to which stopover behaviour is determined by habitat assessment and
selection prior to or after arrival is largely unknown (Moore and Abom 2000, Chemetsov
2006, Ktitorov et al. 2008). However, rapid a priori selection of a suitable site for either
sanctuary or for a more prolonged stay is consistent with an optimal stopover strategy,
and is believed to be the primary strategy (Chemetsov 2006). Such a strategy allows
individual migrants to find shelter immediately, rest, or begin foraging, which in turn
minimizes time and energy costs and predation risk compared to searching for an
adequate site after landfall (Weber and Houston 1997, Chemetsov 2006, Hedenstrom
2008). “Under the cover of darkness” (Muhkin et al. 2009) - migrants reduce these costs
by being able to search over large areas in a relatively short amount of time, in a predator
free environment and with weather conditions that are typically more suitable for
efficient flight (Muhkin et al. 2005, 2009).
Stopover site selection prior to landfall is thought to occur primarily using visual
and auditory cues (Hutto 1985, Monkkdnen et al. 1999, Moore and Abom 2000, Buler et
al. 2007). For instance, migrants will change their heading in response to visual cues
when selecting an area to settle (Bingman 1980, Wiedner et al. 1992), and they can
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readily be enticed into unfavourable habitat through auditory stimulation (Schaub et al.
1999, Mukhin et al. 2008, Ktitorov et al. 2010). Increases in wing-beat frequency of
Catharus thrushes prior to arrival likely reflect behaviour associated with habitat
selection (Bowlin et al. 2005). Moreover, pre-arrival habitat selection is thought to be
quite precise based on the observed distribution and densities of species in ‘appropriate’
habitats. For example, long-term monitoring typically only finds habitat specialists in
their preferred habitat (Bairlein 1983,1985, Bolshakov et al. 2003a,b, Bird Studies
Canada 2010). Habitat generalists such as Catharus thrushes likely rely largely on the
relative availability of forest cover to make their decisions (Buler et al. 2007, Ktitorov et
al. 2008).
If after arrival migrants continue to minimize costs and maximize energetic
returns, they may explore new areas if the benefits of re-locating outweigh the
consequences o f remaining stationary (Abom and Moore 1997, Schaub et al. 2008). Such
a posteriori site selection may be considered to have occurred if individuals emigrate
anywhere from a few metres to many kilometres from their initial landing site (Bachler
and Schaub 2007, Fransson et al. 2008, Paxton et al. 2008, Ktitorov et al. 2010, Mills et
al. 2011). Over time, possibly when individuals reach a certain threshold of fuel stores,
rate of fat deposition or mass gain (Hedenstrom 2008, Schaub et al. 2008), migrants
appear to settle as shown by declines in movement rates and area occupied (Chemetsov
and Muhkin 2006, Paxton et al. 2008).
Variation in stopover behaviour after arrival can also be explained by the
characteristics of the individual. Adult and individuals with large fuel stores typically
have the shortest stopover durations (Chapter 1, Woodrey and Moore 1997, Woodrey
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2000, Calvert et al. 2009, Goymann et al. 2010) and display less activity and lower
movement rates than young or lean individuals (Bairlein 1985, Woodrey 2000, Paxton et
al. 2008, Ktitorov et al. 2010). An individual’s mass gain or fuel deposition rate may also
provide an explanation of stopover durations with those individuals that have low or high
rates leaving sites quickly, and those with intermediate rates staying longer (Bolshakov et
al. 2007, Salewski and Schaub 2007, Tsvey et al. 2007, Schaub et al. 2008).
There is also a seasonal component to an individual’s behaviour. Migratory
motivation may be higher in spring than in fall, simply because of increased pressure for
early arrival on the breeding grounds (Kokko 1999, Smith and Moore 2005) resulting in a
faster pace o f migration (Stutchbury et al. 2009). However, the observed behaviour may
also be an artefact of more time during each day in which to prepare for migration
resulting in shorter stopovers and/or longer flights (Bauchinger and Klaassen 2005).
Finally, there are also differences related to migration distance as previous studies
that have found a negative relationship between migration distance and stopover
durations (Yong and Moore 1993, Dierschke and Delingat 2001, Hays 2008). The
breeding ranges of the two species overlap considerably, but wintering habitats and
conditions experienced during migration differ substantially. HETH generally travel only
as far Mexico, and do not cross the Gulf o f Mexico (a major barrier compared with the
Great Lakes) whereas SWTH regularly cross the Gulf of Mexico en route their over
wintering grounds in Central and South America (Jones and Donovan 1996, Mack and
Yong 2000). HETH migration also occurs ~1 month earlier in spring and later in fall
compared to SWTH at Long Point (Bird Studies Canada 2010) when environmental and
habitat conditions are much less favourable for migration and stopover. The conditions
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experienced on migration and over-wintering periods also differ with HETH regularly
over-winter and migrate in less favourable conditions than SWTH (Jones and Donovan
1996, Mack and Yong 2000).
Assessment of when an individual leaves a stopover site typically relies on
repeated encounters of banded or tagged individuals where the end of a stopover is
inferred by the absence o f an individual from a limited search area. However, observing
or quantifying such absence is dependent on detection probabilities which are often low
and constrained by the ability o f searchers or netting effort (Simons et al. 2004, Bonter et
al. 2008, Korner-Nievergelt et al. 2010), or by the fact that search areas may be small in
comparison to the entire area used by migrants during stopover (Bachler and Schaub
2007, Buler et al 2007, Tsvey et al. 2007). Multi-state mark-recapture models have
allowed for better estimations of probabilities of leaving a stopover site while taking
detection probability into account (Schaub et al. 2004). However, inference about why an
individual leaves an area is difficult without knowing the individual’s fate (Cochran
1987, Wikelksi et al. 2003). Absence o f a migrant from an area can be due to one o f three
things: migratory departure, emigration (movement out of the study area but not a
continuation of migration), or death. The probability of observing each of these
alternatives is in part related to tracking or marking method and the effort (time spent and
area covered) spent searching for individuals (Bachler and Schaub 2007, Salewski et al.
2007, Korner-Nievergelt et al. 2010). Typically, when detection probabilities and/or the
size o f the monitored area and time spent searching increase, so do estimates of stopover
duration (Schaub et al. 2001, Salewski et al. 2007, Bachler and Schaub 2007) and area
occupied (Paxton et al. 2008, Mills et al. 2011).
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I assessed the extent to which stopover decisions of migrant Hermit Catharus
guttatus and Swainson’s thrushes Catharus ustulatus, are determined either before or
after arrival by comparing the departure and emigration probabilities of individuals
landing at an isolated site with some shelter, but limited food availability (a “poor-quality
site”) with a less isolated site that had more shelter, and better food availability (a “highquality site”).
I alleviated some of the methodological concerns described above by using an
automated radio telemetry system to continuously monitor a stopover landscape. This
system enabled me to partition all apparent departures from a local site into true
migratory departures vs. local emigration. I then used a multi-state mark-recapture model
to estimate probabilities of i) inferred migratory departure from the landscape, ii)
emigration out of the capture site, and iii) immigration back into the capture sites. The
mark-recapture approach, because it corrects for detection, allowed me to assess how
each of these probabilities varied according to the quality of the sites of initial capture.
I predicted that if migrants primarily made stopover decisions after landing I
would observe higher permanent emigration (higher emigration and lower immigration
probabilities), and lower departure probabilities at the poor-quality site compared to the
high quality site. My reasoning was that individuals requiring refuelling would have to
leave the poor-quality site in search of better habitats (resulting in higher emigration), or
stay longer to gain the necessary fuel stores and would thus incur time and energy costs
not borne by those at the high-quality site (resulting in lower departure). In contrast, if
stopover decisions are primarily determined prior to arrival, then 1 expected lower
permanent emigration (lower emigration, lower immigration) and higher departure from
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the low quality compared to the high-quality site. Most individuals at a low quality site
would be seeking sanctuary, whereas those looking for an extended stopover should have
initially selected higher quality habitats. In either scenario, and consistent with the bulk of
the current literature, I also expected to observe more rapid departure for both species at
both sites in spring compared to fall, in adults compared to young, and in fat compared to
lean individuals.

M ethods
Study site and species
Long Point is a peninsula protruding 35 km east from the northern shore o f Lake
Erie, Ontario, Canada (42°34'N, 80°13'W). 1 captured and radio-tagged 70 Hermit
(Catharus guttatus [HETH]) and 79 Swainson’s thrushes (Catharus ustulatus [SWTH])
over two seasons (fall 2008 and spring 2009) and between two sites on the point: Old
Cut, near the base of the point (42°35'N, 80°23'W) was considered the ‘high quality site’,
and the Tip at the eastern end of the point (42°32'N, 80°03'W) was considered the ‘low
quality site’ (Figure 3.1.). These categorizations are consistent with the patterns of mass
gain for these two species observed from banding data (Dunn 2001). SWTH does not
breed locally, and HETH only rarely (Cadman et al. 2007), so all individuals captured
were considered to be migrants. Individuals were captured during the regular migration
monitoring program of the Long Point Bird Observatory (LPBO) (Hussell and Ralph
2005). Individuals were tagged on mornings with high volumes of migrants (at either
site) to try and ensure that individuals were captured shortly after arrival. At stopover
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sites the number of birds banded and counted on the ground tends to coincide with large
pulses of new arrivals, and with the number of migrants aloft (Peckford and Taylor 2008,
Thurber 2010).
Each individual was banded with a unique United States Fish and Wildlife
Service/Canadian Wildlife Service aluminum band, and then age, sex, weight, fuel stores,
relaxed wing chord, time and trap were recorded. Fuel stores at capture were scored on a
categorical index from 0 to 7 based on the amount and distribution of subcutaneous fat in
the furculum, breast and abdomen (Kaiser 1993, Dunn 2003). These fat scores were then
used to categorize birds into either ‘lean’ (birds with little to no fat accumulation: scores
< 2 corresponding to ~< 20 fat % lean dry mass), or ‘fat’ (birds with some or substantial
fat accumulation: scores >2, ~> 20 fat % lean dry mass). Fat scoring methods have been
found to be a reliable measure of fat mass in migratory passerines (Seewagen 2008,
Salewski et al. 2009).
All individuals were aged according to specific plumage and moult criteria as
described by Pyle (1997), as well as by the extent of skull pneumatization in fall (Jenni
and Winkler 1994). Individuals were classified as either adult (‘after-hatch year [AHY]’
in fall or ‘after-second year [ASY]’ in spring), or young (‘hatch-year’ [HY] in fall, or
‘second-year’ [SY] in spring. With one exception, samples of individuals from either site
were balanced between age and fat groups that were largely representative of the bulk of
individuals captured at each site (Bird Studies Canada 2010). The sample of HETH in fall
2008 was comprised entirely of lean and young individuals.
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Figure 3.1. Map of Long Point, showing the Old Cut and Tip capture sites and the
location of the three digital radio telemetry towers and the approximate direction of
antennae. Inset shows the position of Long Point on the northern shore of Lake Erie, in
southern Ontario, Canada
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The habitat and geography vary considerably between the two sites. Old Cut is a
9 ha woodlot situated between a provincial park and a low-density cottage community
about 5.5 km from the base of Long Point. The area comprises mixed deciduous and
coniferous forest dominated by eastern cottonwood (Populus deltoides), scots pine (Pinus
sylvestris), white spruce (Picea glauca), and white pine (Pinus strobus). There is dense
undergrowth and ground cover dominated by dogwoods (Cornus spp.), cherry (Prunus
spp.), poison ivy ( Toxicodendron radicans), and riverside grape (Vitis riparia). The Tip
covers the easternmost 17 ha of the point and is a patchwork of cottonwood and red cedar
(Juníperas virginiam) savannah separated by sand dunes and wetlands dominated by
cattail (Typha spp.) and Phragmites austalis. Some low-lying areas have dense patches of
willow (Salix spp.) and dogwoods with wild grape being the dominant ground cover next
to numerous herbaceous plants. The rest of Long Point is devoid of development, and
comprises extensive wetlands interspersed with habitats at varying stages of succession
ranging from cottonwood and red cedar dune savannahs, to those dominated by oak
(Quercus spp.), maple (Acer spp.), and white pine, in addition to mixed swamp forests,
thickets and mature deciduous and mixed forests (McCracken et al. 1981).

Automated and manual telemetry data
I used digitally-encoded transmitters that allow for simultaneous monitoring of up
to 200 unique transmitters on a single frequency. Birds were tagged immediately after
banding and were released within 30 min of capture. Transmitters were affixed using
.

„«mv.

loop harnesses (loop diameter of ~ 34 to 36 mm.) secured around the legs following
Rappole and Tipton (1991). I used two different transmitter types from Lotek Wireless
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(Newmarket, Ontario, Canada): ANTC-M1-1 (fall 2008: 166.620 MHz), and ANTC-M21 (spring 2009: 166. 088 MHz), each weighing ~0.75g with harness, which was ~ 3% of
body weight for both species (following Caccamise and Hedin 1985). Transmitters had an
approximate radiated power of -30 dBm, a burst rate of 4.9 to 5.1s, and a life-time of
approximately 18 days.
Three automated telemetry towers were erected on Long Point (Figure 3.1)
allowing movements of individuals to be monitored throughout an area ~20 x 40 km
surrounding Long Point. Each tower was approximately 12 m tall and was equipped with
an automated receiver (SRX 600) and an 8-port switchbox (ASP-8) from Lotek Wireless
which sequentially monitored multiple antennae on 6 s cycles. Receivers were in
continuous operation from 25 Sep to 9 Nov (Fall 2008), and 15 Apr to 7 June (Spring
2009). Recorded data included a tag number, date, time, location, antenna number, and
signal strength (an index from ~20 - 255 linearly related to the logio of the received
signal in dB), and time was coordinated between receivers by internal GPS clocks.
Four, 5-element (AF Antronics Inc., Urbana, Illinois: H-plane 61°, isotropic gain
10.1 dBi, front-to-back ratio >20dB), or 9 element (Lindsay Antennas, Lindsay, Ontario:
H-plane 49°, isotropic gain 12.5 dBi, front-to-back ratio 20dB) Yagi antennae pointing in
the cardinal directions (± 15°) were affixed to each tower to detect movements south
across the lake, north to the mainland, and east or west along the main axis of the
peninsula. In fall, 9-element antennae were used to monitor movements along the eastwest axis and to the south at all towers. Five-element antennae were used to the north of
the towers, and the eastern portion of the Tip. The same configuration was maintained in
spring except that 9-element antennae were pointed north, and 5-element antennae were
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pointed south. Calibration tests revealed a line of sight detection radius of -5 km with the
5-element antennae, and ~ 12 km with the 9-element, although simultaneous detections
from multiple towers (e.g. Old Cut -east and Tip-west) indicated that this distance was
sometimes exceeded.
In addition to the data acquired from the automated receivers, a field crew also
obtained twice-daily (morning and evening) localizations o f all individuals (when
possible) within the area bounded by the extent of the array (the entire area of the Long
Point peninsula) using Lotek SRX 400 or SRX 600 receivers with a 5-element Yagiantenna. Approximately 25 km o f the peninsula has no roads so an all-terrain vehicle was
used to drive along the beach and we searched for individuals on foot from high dunes 1
2 km from the shoreline, approximately every 1 km, at least every second day. The base
of the point was traversed along roads and trails by vehicle or on foot. When an
individual was located, the time of day and its coordinates were recorded.

Analysis o f telemetry data
Binary data files, with information on fractional seconds for SRX 600 units, were
downloaded daily from the automated receivers to a personal computer, and plots of
signal strength over time for each individual were examined for movements or flights
which assisted manual searches. To ensure that these data only contained valid
detections, detection data was post-processed by determining the precise burst rate of
each tag then removing signals not matching that interval to within -0.02 s (For details
see Mills et al. 2011). Plots were also inspected to ensure that apparent valid detections
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that may have indicated movement were not eliminated. Migratory departure flights were
characterized by a sharp increase in signal strength on one or more antennae (usually
occurring within two hours after sunset), that were accompanied by a sustained flight > 2
min long, in a seasonally appropriate direction (north in spring, south in fall) with no
subsequent relocations in the study area. All data processing and plotting were done using
program R (version 2.8.0, 2.10); R Development Core Team, 2010).
Mark-recapture analysis
Multi-state mark-recapture models were used to estimate daily probabilities of
movement out of (emigration) or into (immigration) the census areas, as well as the
probability of leaving the broad site (landscape) through migratory departure or death
and/or tag loss. Individual encounter histories for each tagged bird described the daily
locations throughout its stopover in the area from the time of capture until it was known
to leave the study population through departure, death, or to the end of the presumed tag
life. A letter representing the state was assigned to the last localization of each day for
which the birds were present based on the last state observed for that period. If an
individual was not found then a “0” was used. The boundaries of the census (c) areas
were defined based on the areas actively monitored by the LPBO through trapping and
daily counts. The boundaries of the broader landscape or site (s) were from the western
base of Long Point to the extreme eastern Tip where daily localizations occurred and the
airspace was continually monitored by the receiver array. Departures (d) were assigned
based on the time when an individual departed (described above), and deaths (k) when an
individual or their tag was found
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Presence in, and the transition probabilities between these four states can be
represented in the form of a matrix (Equation, la), where \\i values are the probabilities
that a bird has changed states between consecutive days, and p values are the probabilities
that an individual was detected in a given state. All parameters were assumed to be equal
among days within a season. By definition some of these values were fixed
(Equation, lb). The only way for an individual to leave the population was through
departure or death, and thus the survival of an individual in the census ((pc) or site (<ps)
state was fixed to 1. Because an individual cannot return to the population once departed
or dead, survival in the departure ((pd) or dead (cpk) states, and the transition probabilities
out of those states were fixed at 0. Given the relatively small census area, regimented
localization routine, and constant coverage by the array, the probability of detecting a
bird in the census area, and of finding a dead bird or lost tag were fixed at 1 (pc = Pk = 1)Finally, the probabilities of departure or death were assumed to be equal from the census
area and the site (\|/Cd = Vsd, and vj/C|<= v|/Sk > A schematic representation of this matrix is
presented in Figure 3.2.
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Figure 3.2.Schematic of the transition matrix used in a multi-state mark-recapture model
to estimate probabilities of departure (vp cd = y sd), emigration (\p cs), immigration (\p sc),
death (v;/ Ck = vp Sk) for 70 Hermit (HETH) and 79 Swainson’s thrushes (SWTH) radio
tagged at two sites (Old Cut and the Tip) on Long Point, Ontario in fall 2008 and spring
2009. All fixed parameters in the matrix are explained in the text. p s, p d, and py are
detection probability in each state, respectively.
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Due to limited sample sizes in each of the age/fat groups, models simultaneously
incorporating age-fat groups could not be fit. Instead, I fit simplified models that only
estimated age and fat-specific departure probability (\|/Cd and \|/Sd) and assumed that
probabilities of movement were equal for both age and fat groups.
All models were built in the program MARK 5.1 (White and Burnham 1999,
White et al. 2006), and were run separately for each species/season/site combination, as
well as each age and fat group where appropriate. Significant differences were only noted
when there was no overlap in 95% confidence intervals; in all other cases differences in
the mean are discussed.

R esults

The distribution of individuals tagged in each season, age and fat group at both
sites are summarized in Table 3.1 and 3.2. Estimates of the probabilities of departure,
movement out of (emigration) and back into (immigration) the census area and death/tag
loss are presented in Table 3.2. Small sample sizes precluded age-dependent models for
either species at the Tip in fall, or fat-dependent models for HETH at the Tip in either
season.
Departures were detected for 48 of 69 (69.6%) of individuals in fall, and 58 of 79
(73.4%) o f individuals in spring. Detection probabilities were generally high for
departure {pi= 0.61 to 0.83), but varied considerably within the broad site (ps= 0 to 0.95).
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Emigration and immigration were most often the result of one or more short successive
diurnal movements. In 16 cases (11 from the Tip, 5 from Old Cut), movements out of the
census area were the result of nocturnal relocation flights confirmed through manual
localizations. These flights ranged from 1 to 30 km at the Tip (mean 7.9 ± 2.5 SE) and to
26 km (7.5 ± 4.7) at Old Cut, and occurred from 0.5 h after sunset until just before dawn.
Probability of death or tag loss was low (v|/k typically less than 1%) for each
species, site and season combination. There were 5 deaths and 6 lost tags. All deaths
appeared to be of natural causes and included 3 raptor kills, 1 window strike, and 1
unknown cause. Four lost tags were due to harness or glue failure, and the other two
became detached for unknown reasons. Four individuals, all HETH, were suspected of
staying beyond the life of their tag (2 in spring and 2 in fall), but these individuals were
retained in the analysis as the exact time of when a tag stopped transmitting could not be
determined.
Consistent with the predictions of a priori habitat selection, departure
probabilities (i.e. inferred migratory departure from the entire landscape) were higher at
the low- compared to the high-quality site for both species in fall and spring. Differences
between the mean probabilities of departure between the low- and high-quality site were
-0.05 and for HETH and -0.2 for SWTH in fall, and -0.2 for HETH and -0.4 for SWTH
in spring (Table 3.2, Figure 3.3). Some of the variation in departure probabilities between
the sites was also explained by seasonal differences as estimates were higher at the lowquality site in spring compared to fall, but estimates from the high-quality site were
similar between the seasons. Departure probabilities of HETH were also lower than
SWTH which were significant at the low-quality site, but not at the high-quality site.
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Table 3.1. Summary data and distribution of 70 Hermit (HETH) and 79 Swainson’s
Thrushes (SWTH) radio-tagged at two sites (Old Cut and the Tip) on Long Point, Ontario
during fall 2008 and spring 2009. Sample size is denoted by N. Stopover duration (SD) is
the mean number of days with min and max in parentheses, individuals remained within
the Long Point landscape. Depart is the number of migratory departures from the
landscape, Emig. and Immig. are the number of emigrations and immigrations out of and
into the capture sites, respectively.

Season

Species

HETH

Date
range
7 O ct6 Nov

FALL
2008
SWTH

HETH

25 Sept 12 Oct

17 A pr18 May

SPRING
2009
SWTH

27 Apr 7 Jun

Site

N

SD
(days)

Depart.

Emig.

Immig.

OC

19

10.1
(0.7,20.5)

15

6

3

Tip

20

5.8
(0.4,16.4)

10

9

1

OC

19

4.7
(0.3,11.4)

13

8

4

Tip

11

2.4
(0.3, 6.4)

8

0

0

OC

18

5.3
(0.5,12.6)

12

13

7

Tip

13

2.1
(0.5,10.3)

10

4

0

OC

25

4.8
(0.6,19.6)

19

10

3

Tip

24

0.9
(0.5, 2.6)

16

1

0
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Table 3.2. Estimates of the probability of departure (\|/ a), emigration (v|/ cs), immigration
(i|/ sc), death (\|/ k) (±SE) for 70 Hermit (HETH) and 79 Swainson’s thrushes (SWTH)
radio-tagged at two sites (Old Cut and the Tip) on Long Point, Ontario in fall 2008 and
spring 2009. Sample sizes are denoted in parentheses. Detection probabilities of birds in
the broad site and departing are represented by p s and /?d, respectively. The detection
probability is 1 for individuals in the census area or those that die or lose a tag. Estimates
are divided into three groups representing three different multi-state mark recapture
models: All Birds, Age (Adult vs. Young), and Fat (Lean vs. Fat). Only v|/ d was estimated
separately for each of the age (adult vs. young) and fat (lean vs. fat) specific models.
Inestimable parameters due to small sample sizes are denoted by NA.

SWTH

HETH

Fall 2008
V

d

V c s
V s c
V k

P

s

P

a

Old Cut (19)
0.087 (0.019)
0.063 (0.02)
0.047 (0.026)
0.005 (0.005)
0.906 (0.037)
0.833 (0.088)

Tip (20)
0.131 (0.029)
0.25 (0.061)
0.023 (0.016)
0.015(0.01)
0.332 (0.055)
0.614(0.115)

V d

Adult (9)
0.131 (0.043)

Young (10)
0.068(0.021)

Adult (2)
NA

V d

Lean (12)
0.083 (0.023)

Fat (7)
0.096 (0.037)

Lean (20)
NA

V d
V c s
VsC
V k

Ps
P

a

Old Cut (18)
0.107 (0.024)
0.12(0.03)
0.161 (0.052)
<0.001 (<0.001)
0.871 (0.05)
0.669 (0.112)

Young (18)
NA

Old Cut (19)
0.18(0.04)
0.147(0.045)
0.153(0.062)
0.011 (0.011)
0.754 (0.081)
0.765 (0.103)
Adult (9)
0.332(0.088)

Young (10)
0.119(0.039)

Fat (0)
Lean (10)
Fat (9)
NA
0.166(0.031) 0.194(0.057)
Spring 2009
Tip (13)
Old Cut (25)
0.288 (0.071)
0.173 (0.033)
0.106 (0.031)
0.175 (0.078)
< 0.001 (<0.001)
0.078 (0.043)
0.024 (0.024)
0.015(0.011)
0.542(0.127)
0.946 (0.037)
0.833 (0.108)
0.826 (0.079)

Tip (11)
0.378 (0.0962)
0.052 (0.05)
<0.001 (<0.001)
<0.001 (<0.001)
<0.001 (<0.001)
0.728 (0.134)
Adult (3)
NA

Young (8)
NA

Lean (7)
0.298(0.099)

Fat (4)
0.757(0.179)

Tip (24)
0.57 (0.084)
0.034 (0.033)
<0.001 (<0.001)
0.114(0.054)
0.476 (0.356)
0.8 (0.089)

¥ d

Adult (7)
0.13(0.045)

Young (11)
0.096(0.028)

Adult (5)
0.247(0.095)

Young (8)
0.328(0.102)

Adult (11)
0.198(0.056)

Young (14)
0.157(0.04)

Adult (11)
0.55(0.116)

Young (13)
0.586(0.107)

V d

Lean (11)
0.098(0.029)

Fat (7)
0.125(0.044)

Lean (10)
0.254(0.073)

Fat (3)
0.483 (0.184)

Lean (5)
0.081 (0.039)

Fat (20)
0.227 (0.046)

Lean (8)
0.42(0.138)

Fat (16)
0.643(0.095)
oo
00
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Emigration and immigration probabilities from the sites were consistent with the
a-priori habitat selection for SWTH in both fall and spring, but HETH followed the
predicted pattern for a-posteriori habitat selection in both seasons. SWTH had lower
probabilities of emigration at the low- when compared to the high-quality site in both
seasons. The opposite was true for HETH with greater or equal emigration probabilities
at the low- compared to the high-quality site in both seasons. Probabilities of immigration
were significantly greater at the high- compared to the low-quality site for both species
and seasons because some o f individuals remained nearby and actively explored the area
around the high-quality site but did not do so at the low-quality site. Probabilities of
immigration at the low-quality site were always 0 with the exception of HETH in fall
where a single individual occupied the boundary for a number of days. HETH at the lowquality site had high permanent emigration whereas SWTH had little permanent
emigration.
There was little evidence that departure probabilities differed by age. Most
site/season combinations show little difference between the ages except perhaps for adult
SWTH in the fall at the high-quality site, which had higher departure probability than
young (Figure 3.4). Mean probabilities o f departure for fat individuals were always
higher than lean ones, but never significantly so. Differences between fat and lean birds
were greatest at the Tip for both species and Old Cut in spring for SWTH (Figure 3.5).

HETH

Daily probability

SWTH

OC-Fall

TIP-Fall

OC-Spring

TIP-Spring

OC-Fall

TIP-Fall

OC-Spring

TIP-Spnng

Figure 3.3. Daily estimates of the probability (± 95% Cl) o f departure (\\i ¿-black circle) from the landscape, and emigration (v|/

-gray

triangle) and immigration (vj/ sc - gray diamond) from the study sites for 70 Hermit (HETH) and 79 Swainson’s thrushes (SWTH) from
Old Cut (OC) and the Tip banding stations at Long Point, Ontario, during fall 2008, and spring 2009.

vO

o

Daily departure probability

Figure 3.4. Daily estimates o f the probability (± 95% Cl) o f departure (v|/ d) from the landscape for separate age groups [adult (black
circle) and young (gray triangle)] o f 70 Hermit (HETH) and 79 Swainson’s thrushes (SWTH) from Old Cut (OC) and the Tip banding
stations at Long Point, Ontario, during fall 2008, and spring 2009.

Daily departure probability

OC-Fall

Tip -F all

OC-Spring

TlP-Spring

Figure 3.5. Daily estimates o f the probability (± 95% Cl) o f departure (v|/ a) from the landscape for separate fat-groups [fat (black
squares) and lean (gray diamonds)] o f 70 Hermit (HETH) and 79 Swainson’s thrushes (SWTH) from Old Cut (OC) and the Tip
banding stations at Long Point, Ontario, during fall 2008, and spring 2009.
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Eleven birds were recaptured during the normal course of banding: 3 in fall at Old
Cut (2 HETH and 1 SWTH), and 8 in spring (4 HETH and 3 SWTH at Old Cut and 1
SWTH at the Tip). Of these, 6 gained weight; 3 lost weight, and 2 had no change. There
were no signs of injury or discomfort due to the harness in recaptured birds or those
observed in the wild. All recaptured radio-tagged birds were quickly examined for any
signs of harness harm or wear and were released immediately after weighing to minimize
any potential effects of handling time.

D iscussion

Sanctuary or Stopover?
For forest-dwelling species such as Catharus thrushes, isolated, sparselyvegetated sites such as the tip of Long Point provide immediate sanctuary, but offer little
in terms of the necessary food and shelter required for a successful prolonged stopover.
Areas comprising more densely vegetated contiguous habitats such as Old Cut can fulfill
both needs. Dunn (2001) assessed mass gain at both locations and showed that both
Hermit thrush (HETH) and Swainson’s thrush (SWTH) during fall and spring migration
lost mass at the Tip and gained mass at Old Cut. Similarly, Ktitorov et al. (2008) found
that forest-dwelling passerines in Europe show a positive relationship between available
forest cover and mass gain.
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The ability of individuals to assess and select an appropriate site prior to arrival is
important for balancing the time and energy trade-offs between seeking habitat for a
short-term sanctuary vs. a longer term stay. This may depend on the quality and extent of
available habitat (Ktitorov et al. 2008, Salewski and Schaub 2007, Schaub et al. 2008),
conditions experienced aloft (Jenni 1996), species’ habitat preferences and the condition
of the individual (Muhkin et al. 2005, Chemetsov 2006). Before arrival a migrant has two
options. It can choose sanctuary until the next available opportunity to migrate, which
will minimize the costs associated with searching for better habitat and the amount of
time spent on stopover, but adds a potential cost of losing mass and likely means a shorter
subsequent migratory flight. Alternatively it can choose an extended stopover and
initially invest the time and energy in finding a more suitable site. It will thus spend more
time on stopover but potentially gain mass at a greater rate which may allow for a longer
migratory flight. Conditions experienced after landfall are also likely to influence
stopover behaviour of individuals (Moore and Abom 2000, Chemetsov 2006, Buler et al.
2007), but waiting until after landfall to make these initial decisions is potentially costly,
especially if an individual needing to refuel ends up in poor quality habitat.
The results of this study support the hypothesis that habitat selection and resultant
departure decisions are determined prior to arrival for migrants on Long Point. However,
the importance of these decisions appeared to vary between species. As expected for a
priori decision-making, departure probabilities were generally greater at the poorerquality Tip site compared to the higher-quality Old Cut site for both species and in both
seasons. A priori decisions may have separated those individuals seeking sanctuary from
those that were seeking suitable habitat for an extended stopover in higher quality habitat.
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Sanctuary-seeking likely explains why migrants are often concentrated along
coastlines, islands or peninsulas (Bonter et al. 2009). Salewski and Schaub (2007)
showed that numbers of transients (individuals that leave the site within 24 h of arrival)
were unrelated to fuel stores and were higher at coastal compared to inland sites. They
attributed this to a continuous flux of migrants along the coast while individuals settling
inland stayed for longer. Similarly, fuelling rates o f migrants at locations in Europe have
been found to be greater at mainland than at coastal sites (Hansson and Pettersson 1989,
Ehnbom et al. 1993). Both these results are consistent with the idea that coastal sites
(which are often rather desolate, such as the Tip) are selected for purposes of sanctuary
while birds seeking extended stopover will immediately select more adequate sites.
After using audio-lures to capture Reed warblers Acrocephalus scirpaceus at a
poor quality site (sand dunes) and relocating some to a high quality site (reed beds),
Ktitorov et al. (2010) found that 100% of birds left the poor quality site the night after
capture, whereas most of the birds transported to the high quality site remained for more
than two days. These individuals were likely seeking an area for an extended stopover
when they were induced to land with false auditory information (Schaub et al. 1999,
Schwilch and Jenni 2001, Mukhin et al. 2008), suggesting that this species likely selects
stopover sites prior to arrival (Ktitorov et al. 2010). The costs of finding a suitable site for
stopover for these individuals likely outweighed the benefits of just waiting for
appropriate conditions to continue migrating. If individuals in my study arriving at the
poor-quality site were seeking areas for extended stopover, more vegetation and dense
cover is available < 2 km west, which they could have easily found before or shortly after
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arrival given that these species are capable of making short diurnal and landscape scale
movements during stopover (Mathews and Rodewald 2010a,b, Mills et al. 2011).
Emigration and a priori vs. a posteriori habitat selection
Despite the broad similarities between these two species’ departure decisions,
emigration and immigration probabilities suggested they exercise different stopover
strategies. There was low permanent emigration (low emigration and immigration) from
the poor- compared to the high-quality site for SWTH, consistent with a priori habitat
selection, whereas there was higher permanent emigration at the low- compared to the
high-quality site for HETH consistent with the predictions of a posteriori habitat
selection. Low rates of permanent emigration in SWTH suggest that individuals are likely
only using the site for sanctuary, whereas high rates for HETH suggests that at least some
are finding the suitable habitat for a prolonged stopover within the site. Higher temporary
emigration (similar emigration and immigration probabilities) at Old Cut for both species
likely reflect similar tendencies of individuals that have chosen an extended stay. Diurnal
movements in search of a suitable site to settle as well as foraging and exploratory bouts
are common to these and other species during stopover (Chemetsov et al. 2004,2005,
Fransson et al. 2008, Paxton et al. 2008, Mathews and Rodewald 2010 a,b).
These different strategies may be explained by divergent life histories between the
two species. Differences in the stopover behaviours among species with different life
histories in North America and Europe have previously been explained by variation in the
time period and locations where maximum fuel loads are obtained (Schaub and Jenni
2000a,b, Dunn 2001,2002). When faced with a poor quality, isolated location (the Tip),
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hardy temperate migrants (such as HETH) may not necessarily benefit from making pre
arrival decisions as they travel a shorter distance and are less constrained by time.
Consequently they may easily adjust to variations in local resources and weather by
having longer stopovers and/or occupying a larger area (lower departure and higher
emigration). In contrast, tropical migrating SWTH may benefit from pre-arrival decisions
as they have to travel a much longer distance and are under tighter time constraints. They
may be more inclined to continue migrating or undertake large-scale emigrations, and
only stay for extended periods o f time when suitable habitat is available. In accordance
with this, Dunn (2001) found that HETH lost less mass at the poor-quality site than
SWTH in both seasons, but this analysis was limited only to the capture site and HETH
that emigrated likely found locations that provided positive mass gain. Similar patterns of
variation have been observed in transience and departure probabilities derived from
banding data for the same and other temperate vs. tropical migrant species (Calvert et al.
2010 ).
Orientation decisions of short and long-distance migrants on the southern shore of
nearby Lake Ontario also show different stopover strategies between the two groups. Fat
SWTH and Gray-cheeked thrush Catharus minimus were found to orient in the correct
migratory direction, characteristic for migratory flight, before and after crossing the lake.
On the other hand, lean individuals orientated away from or axial to the lake which was
likely due to searching for suitable habitat (Deutschlander and Muheim 2009). A
temperate migrant species, the White-throated sparrow Zonotrichia albicollis,, similar in
migration timing and distance to HETH (Falls and Kopechena 2010) showed no
orientation preference in either season regardless of fat stores. Given that orientation
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experiments gauge a migrant’s ‘next move’, it is likely that these differences in
orientation behaviour reflect the relative importance of a priori decision-making of the
two groups.
Seasonal, fa t and age effects
Spring departure probabilities were only greater than fall for SWTH at the poorquality site contrary to previous evidence suggesting that a faster pace for spring
migration may be correlated to shorter stopover durations (Morris et al. 1994, Yong et al.
1998, Morris and Glasgow 2001, Rguibi-ldrissi et al. 2003). It is possible that a higher
proportion of individuals that land at locations following the crossing of a barrier (such as
the Tip in spring near the north shore o f Lake Erie) are likely to continue quickly whether
on migration or in search of better habitats, whereas those that land prior to a crossing
may decide to stay longer to facilitate the journey (Deutschlander and Muheim 2009).
Higher departure probabilities for both species and lower emigration probabilities
for SWTH, at the poor- compared to the high-quality site could also be explained by
shorter nocturnal movements in seasonally appropriate directions to sites beyond the
scale o f the monitored area. In addition to emigration via diurnal movements, some post
arrival relocation occurs as a result of nocturnal flights (Mills et al. 2011). These
relocation flights are likely similar to ‘reverse’ migrations (Alerstam 1978, Akesson et al.
1996, Akesson 1999, Zehnder et al. 2002), which are hypothesized to be an adaptive
strategy to help migrants find suitable habitat for an extended stopover. Identifying such
relocations as migratory departures would result in a positive bias in the probabilities of
departure and a negative bias in emigration. Such an effect would be most obvious in
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spring when the direction of probable relocations is the same as the directions for
migration. If this were regularly the case, however, one might also expect to see higher
departure probabilities from the high-quality site, which was not the case. More suitable
habitats are plentiful just a few kilometres to the north.
There was considerable estimation error around some values, as samples sizes
were usually quite small and were based on changes of state that could have occurred any
time over the course of many days. This was particularly problematic for estimates of
emigration and immigration because o f lower detection probabilities across the site
(landscape) meant that there was always a chance that individuals were missed.
There was little evidence to support age-differences in stopover decisions,
particularly in spring. That adults appeared to have slightly greater mean departure
probabilities compared to young at the high-quality site was consistent with much of the
current literature (Woodrey and Moore 1997, Woodrey 2000, Chapter 1). Similar
departure probabilities between the ages, particularly at the poor-quality site, suggest that
there is no age-difference in the level o f a priori decision-making.
Predictions regarding fat stores were also not supported by any strong evidence.
Previous studies have found that individuals with high fuel stores have shorter stopover
durations as many are presumably ready to continue migrating (Gannes 2002, Goymann
et al. 2009, Seewagen and Guglielmo 2010). However, lean individuals are not
necessarily excluded from having short stopover durations, particular from sites that are
smaller than the stopover landscape (Bolshakov et al. 2007, Tsvey et al.2007, Salewski
and Schaub 2007, Schaub et al. 2008). Higher departure probabilities from the poor-
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quality site for both fat groups when compared to the high-quality site agree with these
findings and show that fat individuals may be more likely to seek short-term sanctuary
compared to an extended stay at poor quality sites.
One exception to the aforementioned departure results was the sample of entirely
lean and young HETH from the Tip in fall. As would be expected from a group of
relatively inexperienced individuals unprepared for migration before crossing a barrier,
they had only slightly higher probabilities of departure compared to those at Old Cut, but
much greater permanent emigration suggesting a higher degree of post-arrival decision
making. I recognize that both the age and fat-load of individuals may influence their
movement behaviour (e.g. Aborn and Moore 1997, Paxton et al. 2008, Chapter 1), but
this was not the focus of this analysis and preliminary results revealed no major
differences between the age and fat groups.
Implications fo r the interpretation o f stopover decisions from small study sites
The extent to which migrants make initial stopover decisions and select habitat
before arrival has potentially large implications for the interpretation of stopover
behaviours. Results from studies of stopover with high detection probabilities and spatial
precision across a broad landscape can allow for more accurate interpretations of markrecapture type data from small study areas and can identify potential biases (KomerNievergelt et al. 2010). Probabilities o f ‘apparent departure’, or leaving the study area
after 24 h, from banding data at Old Cut (Chapter 1) were approximately double that of
migratory departures identified from telemetry data, although they were proportional to
the sum o f departure and emigration. This is contrary to the findings of Bachler and
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Schaub (2007) who found no difference in estimates of daily departure for Orphean
warblers Silvia hortensis monitored within a capture site compared to a broader landscape
(~9 km2). Migrants in their study were situated in a relatively homogenous site, on the
border o f a major ecological barrier (the Sahara desert) that was isolated from other
potential sites by 6 km. In areas such as theirs, where there is limited choice for sites,
conditions experienced after arrival are likely more important in determining stopover
decisions and habitat selection than pre-arrival choices. The differences between their
estimates and this study may be reflective of this. In areas where potential stopover sites
are plentiful and there are no major barriers to exploration, pre-arrival habitat selection
may have a greater influence on stopover decisions, and estimates of departure from
small stopover areas may thus be underestimated. A proper assessment of these effects
requires that the scale o f a monitored area matches the scale of the stopover landscape
used by individuals. Even though the scale of this study encompassed an area of
-800 km 2 (including water), it is still likely that it did not reach the maximum threshold
for landscape-scale relocations for Catharus thrushes.
Conclusion
As Hutto (1985) surmised, habitat selection is likely occurring in a series of
hierarchical steps related to the availability of potential habitat, the condition of the
individual and the environment. My results show the importance of a priori decision
making and habitat selection in this regard and its variation with life histories of species,
environmental conditions experienced during migration, the availability of potential sites,
and their position relative to geographic barriers. Conservation planning for stopover
habitats should adopt a broad-scale approach ensuring appropriate choice for migrating
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passerines within a stopover landscape. Just as the availability and selection of highquality stopover sites is thought to be o f paramount importance to a successful stopover
and migration (Schaub and Jenni 2001, Chemetsov 2006, Alerstam and Hedenstrom
1998) so too are the decisions o f where and when to stop.
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C hapter Four: G eneral Discussion
An understanding of the life-cycles of migratory passerines requires knowledge of
the evolution and ecology of their migrations, for which stopovers are an integral part
(Hutto 1998, Mehlman et al. 2005, Faaborg et al. 2010a). Most information on the
behaviour of individuals at migratory stopovers has come from relatively small stopover
sites, as methodological techniques or choices have often limited the scale of study (Buler
et al. 2007, Mills et al. 2011). Knowledge gathered at these scales, although informative,
may not fully capture the range o f strategies and behaviours used by birds to optimize
their migration, which may occur both at specific stopover sites and across broad
landscapes (Buler et al. 2007, Ktitorov et al. 2008, Schaub et al. 2008, Mills et al. 2011).
Gaining a better understanding of these strategies and how individuals stopover at both
these scales was the ultimate goal of this thesis.
In Chapter two I investigated how the age and fat stores of an individual may
influence stopover decisions in both spring and fall migration. From this analysis, I
showed that older, experienced adults may greatly differ from younger, inexperienced
birds in the timing of their departure from a stopover site. Adults had higher departure
probabilities (shorter stopover durations) than young, and the extent of these differences
varied with the fat stores of the individual, the season of travel and among species. Agedifferences were greatest in fall and substantially less in spring, due mostly to higher
departure probabilities of young. Within both age groups, fat individuals had higher
departure probabilities than lean birds. Previous migratory experience and time exposed
to selective pressures thus appear to be central to the stopover decisions of migratory
passerines. Although variable, these patterns were consistent among species with a
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variety of life histories including short and long-distance migrants, frugivores, granivores
and insectivores. This suggests that these passerines may be respond to parallel selective
pressures and behavioural cues that may have shaped the evolution and ecology of
migration and stopover.
The results of this study were largely consistent with previous research into the
influence of age (Woodrey and Moore 1997, Paxton et al. 2008), fuel stores (Yong and
Moore 1993, Calvert et al. 2009, Goymann et al. 2010) and season (Yong et al. 1998,
Rguibi-Idrissi et al. 2003, Morris et al. 1994, Morris and Glasgow 2001, Hays 2008) on
stopover decisions (see also Woodrey 2000, Newton 2006). Despite ample research on
stopover and migration ecology (see Bowlin et al. 2010, Faaborg et al. 2010b), this is the
first study to my knowledge to show how age, fuel stores and season collectively
influence stopover decisions of individuals and how those may change between fall and
spring migrations. These seasonal changes in the behaviours, capabilities and
requirements of individuals on stopover are of particular importance to understanding
population demographics and for conservation planning because they likely reflect
differences in the abilities and requirements of migratory populations as a whole.
An even more detailed investigation into the physiological and behavioural
mechanisms driving these differences between individuals of varying ages and fuel-loads
during fall and spring migration may better account for variation in stopover decisions
after arrival at specific sites. In particular, analysis of fuel deposition rates and mass gain
from individuals in these groups originating at stopover sites of varying quality within a
broad landscape could provide insight into influences acting on stopover decisions (e.g.
Dunn 2001, 2002, Schaub et al. 2008).
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It is important to reiterate that a major limitation of this first analysis is that I
could not differentiate whether the absence of individuals from the study area was due to
individuals remaining undetected, continuing their migration, or relocating to other sites
within the broad landscape. Given this limitation, I set out in CHAPTER THREE to explicitly
estimate probabilities of (i) departure from the stopover landscape, separately from (ii)
emigration from the study site, for individuals of two Catharus thrush species (also
examined in C hapter two) originating at a poor and a high quality stopover site. I was
able to additionally test the extent to which habitat selection and resultant stopover
decisions made at the landscape level prior to arrival influence stopover decisions at
stopover sites after arrival.
My analysis revealed that initial habitat selection in both seasons was largely
determined prior to arrival for these thrushes. However, the two species exercised
different stopover strategies representing alternative approaches to the trade-off between
using time and energy to search for an adequate stopover site vs. simply waiting for the
next opportunity to migrate. The more time-limited tropical migrant Swainson’s thrush
did not emigrate from a poor quality site in search of adequate habitat and strictly used
that site for sanctuary. In contrast, the short-distance, temperate migrant Hermit thrush,
which is less limited by time may have found the conditions more adequate for a stopover
and adjusted by having longer stopover duration and exploring a larger area (lower
departure and higher emigration than the tropical migrant). The relative importance of
pre-arrival decision-making within the landscape in order to optimize stopover may
largely depend on life history.
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Despite our growing knowledge of stopover ecology, a large amount of the
variation in stopover decisions remains unexplained (Chemetsov 2006, Schaub et al.
2008, Faaborg et al. 2010a,b). These results add to previous, mostly circumstantial
evidence, that pre-arrival decisions play an important role in the behaviour of individuals
after arrival at stopover sites (Hutto 1985, Petit 2000, Moore and Abom 2000,
Chemetsov 2006, Ktitorov et al. 2008, 2010). They also provide valuable insight into
how migrants are utilizing entire landscapes to optimize their stopovers and migration, a
vastly unexplored area o f migration and stopover ecology (Freemark et al. 1995,
Chemetsov 2006, Buler et al. 2007 Ktitorov et al. 2008).
Monitoring migrants on stopover has become increasingly useful for conservation
planning for migratory passerines, contributing information to our understanding of
population demographics and the relative importance of habitats and sites along different
migration routes (Schaub and Jenni 2001, Tankersley and Orvis 2003, Dunn and Ralph
2004, Mehlman et al. 2005, Buler et al. 2007). These assessments often rely on
abundance estimates or measurements of individuals at stopover sites (Francis and
Hussell 1998, Hussell and Ralph 2005), under the assumption that changes in the patterns
o f use and/or population indices at stopover will be representative of the whole
population that the area is monitoring. Heterogeneity in detection probabilities depending
on the observer or the method can cause particular problematic violations of this
assumption (Sauer and Link 2004, Hochachka and Fiedler 2008). Explicit estimations of
variation in abundance, movements, and stopover decisions from studies with high
detection probabilities at broad spatial scales can be greatly improve our interpretations
of data collected from small spatial scales (Komer-Nievergelt 2010). C hapter three in
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particular allowed for an informal test o f the accuracy of the interpretations of data
collected from C hapter two .
The potential influence of local emigration on estimates on stopover duration and
the extent of these local movements have only recently been considered (see Bachler and
Schaub 2007, Salewski et al. 2007, Mills et al. 2011). As I briefly discussed in C hapter
three ,

I found that the estimates o f ‘apparent’ departure for Catharus thrushes from a

small stopover site (as estimated in Chapter two) were nearly double that of more exact
measurements of departure from the landscape (chapter three). The estimates were
comparable, however, to the sum of measurements of departure and emigration which
suggests that banding data from small sites are an accurate representation of the
movements of birds from the stopover site as long as interpretations are kept within the
limits of the data.
One of the most important problems remaining to be addressed is an assessment
o f what constitutes a stopover landscape for migratory passerines, and how this may vary
among species and with various intrinsic (age, sex, fuel stores) and extrinsic (habitat
availability, quality, local and regional weather) factors (e.g. Schaub et al. 2004, Tsvey et
al. 2007, Calvert et al. 2009). Landscape connectivity may play an important role in
determining the extent of these landscapes as it has been found to be important to bird
movement in other periods of their life cycle (Gordon 2000, Belisle et al. 2001, Kennedy
and Marra 2010). Despite the search area of this study reaching ~ 800 km2, it is likely that
this did not appropriately match the stopover landscape for Catharus thrushes. At Long
Point, specifically, this could be accomplished through an expansion of the telemetry
array to incorporate a large portion of the adjacent mainland. Tracking individuals from a
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variety o f site with varying quality and geography (e.g. mainland, coastal and peninsular
sites) within this landscape could greatly advance our understanding of the stopover
landscape and of the range of strategies used by migrants to facilitate an optimal stopover
and journey. The next step would be to track individuals between subsequent stopover
landscapes and see how behaviours and strategies may carry-over throughout the course
o f a migration to influence other life stages.
An understanding of the spatial and temporal patterns of passerine stopover is
crucial to our current knowledge of migration and stopover ecology (Jenni and Schaub
2003), and in turn conservation planning for stopover habitats (Petit 2000, Faaborg et al.
2010a). My research has added to this knowledge by providing information on variation
in stopover decisions at specific sites and how they utilize broad landscapes to suit their
variable needs during stopover and to optimize their migration.
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